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The working conditions of the combine operator 


are investigated. It is revealed that the leading oc- 
cupational hazards of the worker are microclimate 
adverse parameters. Based on the analysis of the 
harvester cabin thermal state during summer and 
winter operation, a system of microclimate nor- 
malization is proposed, for which the main func- 
tional characteristics — cold and heat capacity — 
are determined. According to the calculation re- 
sults, the relationship between these characteris- 
tics and the operating speed of the combine is es- 
tablished. Computer modelling of heat and mass 
transfer in the conditions of active ventilation of 
the cabin allows us to get a more detailed picture 
of the formation of streams of air movement and 
temperature in the working area of the operator 
and to recommend measures of thermal protec- 
tion. 


Keywords: agriculture, harvester, labor protec- 
tion, microclimate, harmful factors, climate sys- 
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UccneqoBaHbl yCOBUA Tpyqa OnmepaTopa KOM- 
OaiiHa. BpiaBsieHo, 4TO BeyUIMMU Wpodeccuo- 
HaJIbHbIMM BPeHOCTAMH paOOTHHKa ABIJIAIOTCA 
HeOsaronpuATHble WapaMeTpbl MMKpPOKJIMMaTa. 
Ha oOcHOBaHHM aHasiv3a TeIMJIOBOrO COCTOAHHA 
KaOHHbI KOMOalHa TIpH JIeTHeEM UW 3HMHEM pexKH- 
Me paOoTBI MpeyoxKeHa CHCTeMa HOPMasIN3alMUu 
MUKPOKJIMMaTa, JIA KOTOPOM OlIpeylesIeHbI Oc- 
HOBHbIe (YHKI[MOHAJIbHbIe XapakKTepHCTHKH — 
XONONO- WM TeMIOMpOu3sBOUMTeIbHOCTB. Ilo pe- 
3yIbTaTaM pacueTa yCTaHOBJIeHa B3aMMOCBA3b 
M@*KJLY YKa3aHHbIMM XapakKTepHCcTHKaMH U paovo- 
yeH CKOPOCTbIO JBWXKeHHA KOMOaiHa. Kommbio- 
TepHoOe MOeIMpOBaHve TelmIOMacconmepeHoca B 
YCJIOBHAX AKTHBHOM BCHTWJIAUMU KAaOUHBI 103B0- 
IAe€T MOMYYMTb OOSee WeTaIbHy!O KapTHHy dop- 
MMpOBaHHA TIOTOKOB JIBYXKCHUA BO3yxa WU TeM- 
llepaTypbl B padoueH 30HeE OllepaTopa HU peKo- 
MCHJIOBaTb MEPBI TeIMIO3al{UTHI. 

KJ1104ueBbIe CJIOBA: CeJIbBCKOe XO3HHCTBO, KOM- 
OaliH, OXpaHa Tpyjla, MMKPOKJIMMAaT, BpeJIHbIe 
(paKTOPbI, KIMMaTH4eCcKasd CHCTeMa. 


Introduction. Agriculture is one of the most promising and rapidly developing economic activi- 


ties in Russia. Being on the second place in the world in wheat export and being the champion in grain 


harvest, agriculture provides employment for only 9 % of Russians. In this regard, this sector of the econ- 


omy is characterized by a relatively low percentage of people working under the influence of dangerous 


and harmful factors (29.6 %) [1], which should not be a significant problem in terms of labor protection. 


However, some types of agricultural activities, such as combine harvesting of grain crops, are character- 


ized by an increased level of technosphere hazards. Let us consider them in more detail. 


The process of harvesting grain crops by combines includes the following operations: cutting the 
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plant, its threshing, separating grain from thrashed heap and other impurities [2]. When performing these 
works, the operator of the combine is influenced by a complex of harmful factors, such as: 

acoustic and vibration factors; 

labor process factors (severity, intensity); 

light environment; 

microclimate; 

chemical factor and dust. 

The above-mentioned occupational hazards during prolonged contact contribute to the occurrence 
of pathologies of the respiratory system, vision, hearing, cardiovascular system and musculoskeletal sys- 
tem, which can further lead to disability or, without timely diagnosis and treatment, to death [3]. The 1m- 
pact of harmful factors is aggravated by the fact that the operator of the combine is in a confined space of 
the cabin (only 2-4 m°). That is why it is important to prevent or minimize their harmful effects on the 
employee by developing engineering protection systems. 

For occupational diseases prevention, the operator of the combine needs a system of technical 
means that reduce the harmful effects and, as a result, the risk of damage to health. Modern harvesters are 
equipped with most of such tools. For example, noise reduction in the cab 1s often achieved by using an 
acoustic screen placed between the cab and the engine. The screen is made of a steel sheet with a thick- 
ness of | mm and is situated at the edges of the engine with a sound-absorbing layer with a thickness of 
10-15 mm. Acoustic efficiency of such a screen does not exceed 7 dB. Silencers are used to reduce more 
intense noise [4]. Heat flows into the cabin of the combine from the engine and transmission are reduced 
by its form - a single capsule with separation from the engine compartment and transmission. Such design 
together with the vibration of the cab not only provides thermal protection to the operator, but the reduc- 
tion in noise levels and vibration. 

Achieving a comfortable level of natural light in the cabin for the operator of the combine is not 
difficult and is carried out by windows tinting. As a result, they acquire the ability to reflect sun rays. 

Tinted glass of the harvester cabin is also a passive means of thermal protection, used along with 
the insulation of the walls. However, these means of protection are often insufficient when the tempera- 
ture difference in and out of the cabin 1s 20-25°C. Therefore, the air in the cabin 1s further cooled to the 
optimum temperature by ventilation or air conditioning system. At the same time, the excess pressure cre- 
ated by the fan or by the air conditioner ensures that dusty and contaminated air does not get into the cab- 
in [5]. 

Setting goals and objectives. The purpose of the study is to calculate the basic elements of the 
climate system for the cabin of TORUM combine harvester. 

Objectives: 

To determine heat gain and heat loss, as well as the parameters and the amount of air supplied to 
the cabin, taking into account the range of operating speeds of the combine. It should be noted that the 
climate system in operation (Summer mode — +45°C, winter mode — -20°C) should provide a de- 
crease/increase in the temperature in the cabin to the comfortable temperature of +24°C in the workplace. 


To calculate the climate system main elements in the cabin — condenser cooling system and the 
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evaporator of the air heating system. 

To evaluate the efficiency of the climate system as a whole. 

Main part. 1) The calculation of heat gain and heat loss started by determining the value of the 
heat transfer coefficient K (W/(m7-K)), depending on the thermal conductivity coefficient of the wall » 
(W/(m-K)), its thickness 8 (m) and the heat transfer coefficient « (W/(m7-K)) for the outer and inner sur- 
face of the wall [6]: 


1 


K = ——_————_| 
Petes 1) 
Op 
K coefficient was determined for four types 2 walls of the harvester cabin: end and side walls, 
floor and roof. In this case, it was taken into account the fact that almost all walls, except the front end 
and side, have a multilayer heterogeneous structure due to insulating and cladding materials. 
The coefficient for the outer surface of the wall was calculated based on the range of operating 


speeds of the combine U (m/s) and the length of its cabin | (m): 


10,2" 2) 
For the inner wall surface the coefficient a was taken according to the recommendations [7] equal 
to 10 W/(m7-K). The initial data for the calculation and the calculation results are presented in table 1. 
Table 1 
Initial data for calculation and calculation results of the sees K 


Layer 
No. Wall t 
seer [7 | 0.002 
1 | Floor 0.04 at 
16 
» levee 0015 
upholstery 0.15 0.002, 002 
leather 


eae |e | 0.002 
fel 04 Ol 
3 | Rear end wall 
upholstery pas - 0.002. a 
leather 


To find heat gain ways in the cabin and their further calculations we have considered thermody- 
namic system pictured in Fig. 1. 
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Fig. 1. Thermodynamic system "cabin-refrigeration unit" 


The purpose of the main elements of the refrigeration unit is as follows. The compressor 4 1in- 
creases the pressure of the vaporous refrigerant — freon R134a. In the condenser 2, freon, cooled by the 
fan 1, passes into the liquid phase at a constant temperature. Temperature control valve 3 is used to re- 
duce the pressure of the liquid refrigerant by throttling to a pressure at which freon boils in the evaporator 
5. In the evaporator, freon passes into a vaporous state, taking away from the environment (the air of the 
combine cabin) the latent heat of vaporization. Refrigerant vapor goes to the compressor. After this, the 
cycle repeats itself. 

Heat gain into the cab of the harvester according to fig. | 1s from inner sources Qgnyrp. (from the 
operator and his assistant; from lighting and electrical equipment) and from sources located outside the 
cabin Qsrenn. (from outside air through fences and from infiltration; from solar radiation). 

The calculation of heat gain was made in accordance with the formulas: 

through the fence Q;, W: 
Qi = ZK; : Fi(t, — te), 
3) 
where F; — the area of the cabin wall, m*, was determined by Fig. 2; t, — the temperature outside 
the cabin, °C; t, — the temperature inside the cabin, °C. 





Q> =k-Q,, 4) 








where k is a dimensionless coefficient equal to 0.3. 


from the combine operator and his assistant Q3, W 
Q3 — 4, °H, 5 ) 
where q; is the heat transfer of one person equal to 117 W; nis the number of people in the cabin. 
from lighting and electrical equipment, the heat input Q, was taken to be 47 W [6]. 


from solar radiation Qs, W 
5 = EET Kg Foe 6) 

where A, — the coefficient of sunlight heat absorption by the cabin roof, equal to 0.5; I — the in- 
tensity of solar radiation, equal to 950 W/m*; K, — the coefficient of heat transfer of the roof, W/(m*-K); 
Kox — the coefficient of sunlight transmission by glass, equal to 0.1; F, and F., — the area of the roof 
and windows on the side wall, m7’: Ol, — the coefficient of heat transfer from the air to the outer surface 
of the wall, which was determined by the formula: 
0,7:(U +15) 
a, =8+ 2 7) 
The calculation results are shown in table 2. 

Table 2 


Calculation results of the total heat gain Qy 


Heat gain type Value Q, Br, at the speed of the 
—- Ta U, 7 


| 1 | Through the fence Q; sm 02 — 68 ae 29 
| 2. | From the Gaaeon Q> us 61 se 314.49 


-3_| From the combine operator and his assistant Qs 

+ [Fromtgning ane ve Qo 
TS [From solarradiaon Qs SS*Y«CSORO | 4033B_ BOTS 
6 [TotatheatgainQs «S790 ‘| 1970.96 | 2041.39 


The amount of outside air that must be supplied to the harvester cabin to assimilate the excess heat 





and reduce the temperature to the optimum +24 °C: 
Qs 8) 
Cp * (ty ~ ane 


where cp, — specific heat of air, equal to 1.01 kJ/(kg-°C); t, — the optimum temperature in the 


C= 


cabin, °C; t.. — the temperature of the cooled air, °C, supplied directly to a person was estimated to be 
equal to 3-5 °C below t, to prevent cold-related diseases. 

To assess the operation of the air conditioning system in the cabin of the combine, its main func- 
tional characteristics were determined [8]: 

cooling capacity Q,, kW: 

Qo = PoxGUy — Tox), 9) 

where Pox 1S the density of the cooled air, kg/m”: I, and I,, — the enthalpy of the outside and 
cooled air, respectively, kJ/kg. 

the mechanical power consumption No, kW, was assumed to be 2. 

cooling coefficient np: 


_ Qo 10) 
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The calculation results are presented in table 3. 
Table 3 
Calculation results of the main parameters of the air conditioning system 


Value of the parameter at the speed of the 
No. Parameter combine U, km/h 
co | wo | 


Mechanical power consumption N,, kW 


Heat loss in the cabin of the combine 1s: 
through the fence Q;, W, similar to the formula (3); 
from infiltration Qs, W, similar to the formula (4); 
from random losses Q3, W, was taken by default equal to 0; 
from evaporation of snow or ice on the surface of the cabin Qu, W: 
n-r,'mM, 
4 = 3600” 
where n is the number of passengers; r, 1s the rate of vapor release per person; m, is the amount of 





11) 


vapor exhaled by a person. 
The calculation results are shown in table 4. 
Table 4 


Calculation results of the total heat loss Qy 


Value Q, W, at the speed of the 
No. Type of heat loss combine U, km/h 


of] 


From infiltration Q> 535.55 622.08 
From infiltration Q ee 


From evaporation of snow or ice on the cab sur- 97.22 
face Qy | 


Total heat loss Q 2417.95 | 2792.91 2952.54 


The amount of outside air that must be supplied to the harvester cabin to raise the temperature to 
the optimum +24 °C: 

















cH ee ae 12) 
Cy * Par _ ti) 

where p,, 18 the density of the heated air, kg/m’: t, 18 the optimal temperature of the air in the cabin, 
°C; ty, 1s the temperature of the heated air, °C, which is taken to be 40-45 °C according to the hygienic 
standards. 

To assess the operation of the harvester cabin heating system, its main functional characteristic 
was determined — the heat capacity Qo;, kW, in full recirculation mode [8]: 

Qor = Cy * Pu * G(t, — t,), 13) 
The calculation results are presented in table 5. 
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Table 5 


Calculation results of the main parameters of the heating system 


Value of the parameter at the speed of the 
Parameter a he km/h 


Air flow for heating G,;, m°/h 124.69 a 02 fo 26 
Heat capacity Quy kW 





Thus, the above calculation showed that such a parameter as the speed of the combine is one of 
the most affecting the value of the cooling and heat capacity of the microclimate normalization system in 
the cabins of self-propelled machines. The calculations showed (Fig. 3) that the increase in the speed of 
the combine from 0 to 10 km/h led to an increase in cooling capacity by 10 %, and heat capacity — by 15 
%. With a further increase in the speed from 10 to 20 km/h, the cooling capacity increases by 26 %, the 
heat capacity by 7 %. At the same time, the standard air conditioning system of the combine is designed 
for a cooling capacity of not more than 5.6 kW, which is not enough to ensure an acceptable microclimate 


in the combine workplace (Fig. 3). 





8 
d TT 
6 
5 4, 
EH 
% 4 
oO 
2; 
2 
] 
0 
0 10 20 
U, km/4 
—— Cooling capacity Heat capacity 


Fig. 3. Curve of the cooling and heat capacity Q of the climate system on the speed U of the harvester 


2) The calculation of the capacitor is reduced to the determination of its surface area F, m: 


Q 
F = K-00. 14) 
where Q is the thermal load on the capacitor, W; K is the heat transfer coefficient of the capacitor 
wall, W/(m*-K); Oop 1S the average logarithmic temperature difference, K. 
The thermal load on the air cooler Q, W, is equal to the sum of the cooling capacity Q,, W, and 
the power of the compressor N,, W, required to eliminate excess heat: 
Q=Q, + Nx. 15) 
The value Q at the maximum speed of the combine was 8.87 kW. 
The heat transfer coefficient of the condenser wall K was calculated by the formula (16) and 


amounted to 166.67 W/(m7-K). 
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16) 





Ogu " nr os Oyap * Kpe6 

where 6 — the thickness of the condenser wall, m; 4 — the coefficient of thermal conductivity of 
the wall, W/(m-K); dg, and Opap — the coefficient of heat transfer of the refrigerant inside the condenser 
and the air outside, W/(m7-K); Kye5 — the degree of ribbing of the condenser. 

The average logarithmic temperature difference O.p), was determined according to the outdoor 
temperatures and cooled air tyap H tox, °C, and the condensation temperature of the refrigerant t,, °C which 


was taken 8°C above tyap [9]: 


9. — Cuap — Tox 
4 Uy. = tox ” 17) 
n —_-_—_ 
C. — Cuap 


The O¢p value was 37.5 °C. 
The surface area of the capacitor according to the formula (14) 1s 1.42 m’. 
The calculation of the evaporator is also reduced to the determination of its surface area F, m’: 


F = ——_—___ 
K-|Tx—(Tyap —Twar)/2)]’ 


where Q is the thermal load on the evaporator, W; K is the heat transfer coefficient of the evapora- 
tor wall, W/ (m*-K); Tar 1S the temperature of the heated air, K. 
The thermal load on the evaporator Q is equal to the heat capacity of the heating system and 


18) 


amounted to 2950 watts. 

The heat transfer coefficient of the evaporator wall K was chosen to be 40.71 W/(m*-K) [10], tak- 
ing into account the recommended velocity of the refrigerant vapor through the evaporator tube equal to 
5.9 m/s. 

The surface area of the evaporator according to the formula (18) is 1.39 m’. 

3) To obtain a more detailed picture of the impact of adverse microclimate on the operator, a 
simulation of the thermal state of the harvester cabin was carried out using the optimization system of en- 
gineering calculations — ANSYS, namely the Fluid Flow plug-in (CFX), which allows you to obtain 
high-quality models of hydrogasdynamic systems. 

The initial data for the simulation were the results of calculations of the heat balance of the har- 
vester cabin. The simulation results are shown in Fig. 4-7. 


ANSYS 
R18.2 


Academic Academic 





0 0.015 0.03 (m) x 0 0.015 0.03 (m) x 
SOOO SCO EE OSC 
0.0075 0.0225 : 0.0075 0.0225 : 


Fig. 4. Temperature profile of the air in the cabine in the summer without the climate system (a); 
with the climate system (b) 





Academic 





0 0.015 0.03 (m) x 
EE  o—=—S—“‘( it: 
0.0075 0.0225 i 


Fig. 5. Profile of air speed in the combine cabin in the summer mode of operation with a working 
climate system 
ANSYS ANSYS 
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0 0.015 0.03 (m) x 0 0.015 0.03 (m) x 
= ST OS 
0.0075 0.0225 = 0.0075 0.0225 


Fig. 6. Profile of the air temperature in the combine cabin in 
the winter mode without the climate system (a); with the operating climate system (b) 


ANSYS 


R18.2 
Academic 
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0.015 0.03 (m) x 
SS 
0.0075 0.0225 s 


Fig. 7. Profile of air speed in the combine cabin in the winter mode of operation with the operating 
climate system 


As it can be seen from the calculation results (Fig. 4-7), the operation of the selected climate sys- 
tem is effective, since it provides comfortable air temperatures in the cabin of the combine at different 
modes (in different periods of the year) not exceeding +24 °C. 

Conclusion. 

The approximate engineering calculation of heat gain and heat loss according to the known meth- 
od [6] is made, the parameters and the amount of air supplied to the cabin are determined, the values of 
the surface areas of the main elements of the microclimate normalization system are obtained. 
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Computer modelling of heat and mass transfer in the conditions of active ventilation of the cabin 
allows you to get a more detailed picture of the formation of streams of air movement and temperature in 
the working area of the operator and to recommend thermal protection measures. 

In the future for a reasonable and final selection of the main equipment of the air conditioning sys- 
tem for the cab of the Torum combine is planned: 

to make a scheme of air treatment; 

to determine the thermal load on the main equipment of air conditioners, taking into account air 
recirculation; 

to make calculation and selection of the main equipment of air conditioning system for combine 
cabins taking into account the length of refrigerant hoses; 

to perform calculation and selection of the main equipment of the air conditioning system of the 
harvester cabins, when variable capacity Denso 7SBUI6C is used in the compressor system. 
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The paper considers hazards of production factors 


and engineering solutions to labor protection 
based on physical laws taking into account new 
solutions of scientific and technical progress. This 
study will allow implementing labor protection 
measures in design and development, as well as 
in industries. The development and implementa- 
tion of safe equipment, safe methods and types of 
work includes a wide range of solutions that can 
ensure the safety of certain types of work, im- 
prove working conditions. The paper considers 
these issues on the example of the design and op- 


eration of a mixer truck. 
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C  y4eTOM  HOBBbIX pelieHHHi Hay4Ho- 
TeXHHYeCKOrO Mporpecca W3y4alOTCA OMaCHOCTH 
IIPOH3BOJCTBCHHBIX (aKTOPOB, pa3padaTHIBarOTCA 
MHKCHEpHble pellleHHA OXpaHbl THya Ha OCHOBE 
(pH3H4eCKHX 3aKOHOB. Hactostee uccieqoBaHue 
MO3BOJIMT BHeJPHTb MeponpuATUA TO OXxpaHe 
Tpya B IIPOCKTHO-KOHCTpyKTOpCKUXx pa3padoT- 
Kax, a TakKoxKe B YCJIOBHAX NpOH3BOCTBa. Pa3pa- 
OoTKa HM BHeApeHuve Oe30MacHOH TexXHUKH, 0e3- 
ONaCHbIX IIPHeCMOB HM BHAOB padOoT BKIIOUAaeT B 
ceOa IMpOKHH Kpyr pelleHH, KOTOPbIe 103BO0- 
NAIOT OOeCIeYMTA Oe3BPeHOCTb BbINOJIHCHUA 
TeX WIM WMHbIX BUOB paooT, yIy4IMTb yCIOBMA 
Tpyua. B qaHHou padoTe 9TH BOMpOCcbI paccMorT- 
peHbI Ha TpWMepe KOHCTpyKUMU UW PYHKIMOHH- 


poBaHHA aBTOOeTOHOCMECHTEeIIA. 


Kunr0ueBble CJIOBa: ONaCHOCTH TIpOH3BOJICTBeCH- 
HbIX (aKTOPOB, NPOrHO3HpOBaHHe, MH2KeHEPHbIe 
pelleHusa, OxpaHa Tpya, pa3spadoTKa u BHepe- 
Hue Oe30NacHOMW TeXHHKH, aBTOoOeTOHOCMEeCH- 
TCJIb. 


Introduction. The development of science and technology has led to the fact that the person dur- 


ing work is now practically freed from high physical activity, as the working bodies of machines do the 


hardest physical part. On the other hand, the complexity of the process of controlling the equipment, in- 


crease in the amount of simultaneously incoming information on the work of the machine increase the 


neuropsychic load on the operator. 


Analysis of potential hazards while working with truck mixer. Analyzing the operation of a 


truck mixer, it 1s possible to distinguish a number of the following hazards for the operating personnel 


health [1, 2]: 
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¢ hazard from rotating elements, which, in addition to the parts that transmit motion, include a 
mixing drum rotating during the concrete mixture preparation. The rotation of these elements and the op- 
eration of the car engine lead to noise; 

¢ vibration sources similar to noise sources. In case of uneven operation of the engine, the wear of 
supporting members of rotating elements increases noise and vibration. In addition, roadway roughness 
can cause a significant vibration, especially when driving at high speed; 

¢ increased concentration of harmful substances in the air caused by the emission of exhaust fumes 
during engine operation. This hazard is also possible when repairing a truck mixer in a closed room (gar- 
age, hangar) with the running engine without ventilation. Increased dust concentration in the driver's cab 
caused by roadway dust, especially without hard surface, as well as in the area of the mixing drum feed 
inlet with dry fine concrete mixture components; 

¢ hazard of an emergency on the road in case of failure of a unit or a part affecting traffic safety [3, 
4]; 

¢ hazard of tipover (sliding) of a truck mixer when driving on soft grounds near pot holes, pits, 
when driving on slopes with an angle exceeding the permissible level; 

¢ hazard of accidental ingress and subsequent winding of the operator's clothing on rotating struc- 
tural elements. 

Technical and technological solutions to reduce hazards. 

For protection from the rotating elements, there are protective covers to prevent the possibility of 
winding of operator’s clothes. Noise insulation of the cabin with soundproof screens is used to protect a 
driver against noise. The noise coming from the mechanical drive of the mixing drum is eliminated using 
the design of the hydraulic drive. 

The main element that protects the driver from vibration is his seat. A seat has special elements to 
perform these functions, (springs, insulating material, shock absorbers) designed to absorb vibration. To 
protect the car from vibrations caused by road surface irregularities, a suspension system including shock 
absorbers and springs is used. Vibration reduction from the rotating elements is achieved through timely 
maintenance services and repairs of the nodes, preventing them from excessive wear. 

To protect against high concentrations of harmful substances (dust), the feed inlet has a protective 
cover. For protection against poisoning by exhaust fumes of a car it is forbidden to start the engine in 
closed rooms (hangars, garages) which are not equipped with ventilation. To improve air exchange there 
are hatches, ventilators in the driver's cab. To maintain the optimum temperature in the cabin a heating 
unit is used in winter and air conditioning in summer. 


The reduction of driver fatigue 1s achieved by reducing levers and pedals force to regulatory lim- 


its: the steering wheel force is 20 N, the force on the levers is 20-60 N, the force on the pedals is 80-120 
N. 
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Firefighting equipment on truck mixers are extinguishers. Kits are used as a means of first aid, the 


completeness of which is determined by regulatory documents. 

To prevent an emergency on the road, truck mixers undergo technical inspection before leaving to 
determine the serviceability of the main car systems. To prevent injuries during the inspection and repair 
of concrete mixers with tipping cab, the latter is equipped with a locking mechanism to prevent its spon- 
taneous lowering. Repair and maintenance of machines is carried out at specially equipped stations that 
meet safety requirements. Repair and adjustment work is carried out at the switched-off engine (except 
for separate types of adjustment works). 

In order to prevent the truck mixer tipover, the driver is prohibited to move on the surface, the an- 
gle of inclination of which exceeds the limit values. 

Methods for calculating the truck mixer stability. Under the machine stability, we understand 
its ability to move in various environments without tipping over and without lateral sliding of the wheels 
of all axles of the chassis or one of them. The stability of the truck mixer is checked for the most unfavor- 
able case when the maximum volume of concrete mixture is prepared in accordance with the technical 
characteristics of the unit. 

The preliminary analysis showed that the most dangerous is the machine transverse stability loss 
with its subsequent tipover or sliding. Lateral stability checking is the determination of the limit angle of 
the slopes a, at which the truck mixer can move without tipping over. 

We assume that the concrete mixture 1s evenly distributed in the mixing drum, due to its rotation, 
as well as the presence of blades. The stability condition is an inequality of overturning and restoring 


moments, with respect to the tipping axis, this axis passes through the point A (Fig.1). The calculation 


method is given in table 1. 
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Fig.1. Scheme for calculation of lateral overturning stability 
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Stability 


condition 
A 


— for dry road surface: 


Poy = (0.6...1)-0.75 = 0.6 
Slippage G,-SIN@ SG, -Pey,"*COSa 
— for wet road surface: 


Poy = (0.6...1)-0.5 = 0.4 


— for dry road surface: 


a = arctan @,,,'= arctan 0.6 = 30° 


Sliding G, -SIN@ < Gy, + Pey,""COSa 
— for wet road surface: 


a = arctan Q,,,'= arctan 0.4 = 22. 





*Ga — weight of a truck mixer, including concrete mix 

Conclusion. The analysis is conducted of the main potential hazards during the operation of a 
truck mixer, as well as the main technical and technological solutions to reduce hazards. The method for 
calculating the truck mixer stability is formulated, in which the limiting angles of tipover and sliding in 
the transverse plane for a stationary and moving machine are determined. 

Implementation of the above-mentioned solutions and recommendations will improve the comfort 
of the operator and prevent possible negative consequences from the impact of harmful and dangerous 


production factors while working with the mixer truck. 
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The reasons of overuse of production capacities at 


storage and processing of vegetable raw materials 
are determined. The growth rates of gross output 
of grain and leguminous crops are considered. 
Elevators, objects of flour, cereals and feed pro- 
duction are considered as important structural el- 
ements of micro and macroeconomics. The paper 
predicts the application of digital technologies in 
production control and online monitoring of dan- 
gerous and harmful production factors. Ways of 
implementation of this approach on real produc- 
tion processes, which are, controlled both by the 
operating organization and by the Supervisory 
authorities are considered. Accidents and fatal 
injuries at hazardous production facilities of stor- 
age and processing of plant raw materials are 
considered. 


Keywords: production control, digital technolo- 
gy, risk-based approach, explosion, accident, fatal 
accident, hazardous production facilities, safety, 
human factor, production. 
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OnpeesIeHbI MIpH4HHbI Weperpy3Ku pou3BoL- 
CTBCHHBIX MOI[HOCTeH IPH xpaHeHHu U Mepepa- 
OOTKe PpacTHTebHOrO CbIpbA. PaccMOTpeHbI TeM- 
IIbI pOCTa BasIOBOrO COOpa yporxkad 3CPHOBbIX U 
3€PHOOOOOBBIX KYJIBTyp. DJIeEBaTOPbI, OOBECKTHI 
MYKOMOJIBHOrO, KPyIAHOrO MH KOMOMKOPMOBOTO 
IIPOHM3BOJCTBa PaCCMOTPeHbI KaK BaXKHbIe CTPyK- 
TYPHble 3JIEMCHTbI MUKPO- H MaKPOIKOHOMHKH. 
CrIporHo3HpOBaHO pa3BHTHe UM@poBbIxX TeXHO- 
NOrMU B IIpOW3BOJCTBEHHOM KOHTpolle HW OHIaNH 
MOHHTOPHHTe OMAaCHbIX HW BPeHbIX MaKTOPOB. 
OrpeyesIeHbI MeTOJbI peau3alluu JaHHoro MOJ- 
XOa Ha TIpHMepe MpOH3BOCTBCHHBIX IIporlec- 
COB, KOHTPOJIMPyeMBIX SKCIIIyaTHpyrolllen opra- 
Hu3allHWeU WU Ha30pHbIMU OpraHamMu. PaccmoTpe- 
HbI CHTyallMw aBapMMHOCTH WU CMepTesJIbHOTO 
TpaBMaTH3Ma Ha OMaCHbIX IIPOW3BOJ.CTBCHHbIX 
OObeKTaX XpaHeHuA MU TepepaOoTKH pacTUTelib- 
HOTO CbIpbA. 

Ks104ueBbie CJIOBa: TpPOH3BOACTBeHHbIM KOH- 
IM@poBple 
OPHeHTHpOBaHHbIN TOAXOL, 


TPOJIb, TeXHOJIOrH, puck- 


B3PbIB, aBapls, 
HeCuacTHbIM Cily4aH CO CMepTeJIbHbIM HCXOJOM, 
ONacHble IIpOH3BOJICBTCHHbIe OOEKTHI, OOecrIe- 
yeHve Oe30NMaCHOCTH, YesoBeyecKuH (dakTop, 


IIDOH3BOICTBO. 


Introduction. Elevators, flour, cereals and feed production facilities are an important part of eco- 
nomic activity of many regions of the Russian Federation. These regions satisfy the needs of the state in 


certain types of plant raw materials, allow storing strategic reserves, creating stability in the market of 
food products. They provide feed to certain areas of livestock, as well as the sale of raw materials and 


products for export. At the same time, during the operation of hazardous production facilities for storage 
and processing of plant raw materials, there are certain problems associated with the risk of fire and in- 


dustrial injuries with fatal outcome [1]. 
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In accordance with the Federal law "On industrial safety of hazardous production facilities" No. 
116-FZ of 21.07.1997 [2] these facilities are classified as hazardous production facilities (HPF) hazard 
class III (medium hazard). According to the accident analysis [3], from 2013 to 2017, 6 accidents and 21 
fatal accidents occurred at the facilities of storage and processing of plant raw materials. 50% of accidents 
and 70% of fatal accident of the total number occurred at the facilities of hazard class III. 

Main part. Recently, despite the increase in the gross yield of plant raw materials of grain and le- 
guminous crops in the Russian Federation, the relative amount of storage and processing of such raw ma- 
terials is reduced [3]. So, in 2017 134.1 million tons of processed cereals and legumes were harvested. At 
the same time, 14.9 million tons of harvested crop are accounted for 1,000 HPF for storage and pro- 
cessing of plant raw materials, which is 4.3 million tons more compared to 2013 [3]. Table 1 illustrates a 
stable increase in the specific number of units of plant raw materials per unit of storage and processing. 
This increase contribute to the requirements of the modern market, which sets certain criteria in produc- 
tion volumes, timing of sales, etc. The load on HPF for storage and processing of plant raw materials in- 
creases. This has a negative impact on the operation of these facilities and the organization of production 
control. 

Table | 
Ratio of gross yield to the number of HPF for storage and processing of plant raw materials 


No. Indicators Time period 
2013 | 2014 |); 2015 | 2016 | 2017 
Number of organizations operating HPF for 
i storage and processing of plant raw materi- | 4132 | 3750 | 3789 | 4621 4017 
als 
Number of HPF for st 
umber o or storage aN DROGESSINE 10579 | 9838 | 944g | 9286 8061 
of plant raw materials 
Gross yield of grain and leguminous crops 
3 ; ; 91.3); 110.8 | 104.3 | 119.1 | 134.1 
in the Russian Federation, mln t 
Gross yield of grain and leguminous crops 
4 in the Russian Federation, per 1,000 of HPF 


for storage and processing of plant raw ma- 
terials, mln t 





From the obtained data [5] it follows that the unfavorable load on hazardous production facilities 
for storage and processing of plant raw materials is not due to the large amount of the harvested crop, but 
to the increase in the specific amount of harvested plant raw materials per unit of the object for its pro- 
cessing. For this period, most accidents occurred in the Republic of Tatarstan, the second place takes the 
Rostov region [3]. As table 2 shows, the load has increased over the entire analyzed period. 

Table 2 
Gross yield in agricultural regions, million tons 


Regions of the 
Russian Federa- 2013 2014 2015 2016 2017 
3.9 


R : 
Tatarstan 
5 


208 | 12.87 
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The increase in the load on HPF has the corresponding consequences, which are reflected in the 
deviation from the safety requirements, the established technological regulations, the deviation from the 
performance characteristics of the technological equipment established in the passport data and, 1m- 
portantly, in the increase in labor of workers operating and servicing these facilities. 

As it was mentioned earlier, storage and processing facilities for plant raw materials are important 
economic agents, whose destabilization can significantly undermine the economic stability not only of a 
company’s owner, but also of the entire region (Fig.l, 2). The main safety problems today are not so 
much technical as organizational problems, which determines the human factor as one of the leading 
causes of accidents [6]. 





Fig. 2. Fire of one of the elevator grain storage sections 


Today, the question of the degree of safety in production of is raised. The current level of technol- 
ogy allows changing the emphasis of production from increasing productivity to improving the feasibility 
and safety [7]. In order to produce safer and more socially justified, it is necessary to integrate modern 
technological solutions with the existing practices and established requirements in industrial safety. It is 
expressed in the Decree of the President of the Russian Federation of 06.05.2018 No. 198 "On the funda- 
mentals of the Russian Federation state policy in the field of industrial safety up to 2025 and beyond" [8]. 

The implementation of such ideas is possible with the help of remote monitoring in production 
control from the position of digital technologies in a risk-based approach. Remote monitoring should be 
used for all technological operations associated with the operation of a hazardous production facility. 
These operations are acceptance of plant raw materials, cleaning, drying, production, transportation, stor- 
age of plant raw materials and products, as well as shipment of products. All of these technological opera- 
tions should be controlled in real time, both by man and by monitoring systems, which allows realization 
of the existing level of digital technologies development. At this level of control, the information will be 
analyzed in real time. This will enable organizations operating hazardous production facilities to have ad- 
vantages in data processing and decision-making speed. A certain prospect opens up for supervisory au- 
thorities, which will be able to access the information of the supervised objects remotely, without the in- 
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spector going to the objects under their supervision. In the future, it should be a dynamic system of con- 
tinuous monitoring, which will continuously provide information to owners, supervisory authorities and 
the public on the levels of danger of the production facility at any given time. [10]. The related works 
should also controlled, such as ensuring cleanliness in buildings and structures of the facility, cleaning of 
bunkers and silos, work at height, fire works and other works of increased danger. 

Conclusion. Production control should not be aimed at the fulfillment or non-fulfillment of certain 
safety requirements and related consequences, as this creates a large information "gap" between the 
events and the consequence. A static system cannot respond quickly to changes in technological opera- 
tions, human errors or failures in the operation of technological equipment. The main goals that should be 
pursued in the modernization of production control methods are dynamism, speed of reaction to changes 
in the production environment and the ability to adapt to all technological operations and existing types of 
work at the facilities. It is these qualities that can significantly reduce the list of existing problems in en- 
suring production control and bring the concept of safety to a completely new qualitative level. 
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The electromagnetic field (EMF) poses a serious 


threat to human life and health. The biological 
effect of EMF exposure in a long-term exposure 
accumulates. The result of this may be degenera- 
tive diseases of the central nervous system, blood 
cancer (leukemia), brain tumors, hormonal dis- 
eases, and malfunctions of certain organs and the 
human body as a whole. The purpose of the work 
is a theoretical assessment of the danger of elec- 
tromagnetic situation in the area of Rostov-on- 
Don television center. The task is to determine 
the dangerous and harmful zone for the popula- 
tion due to the electromagnetic impact of the tele- 
vision center. The authors plan to: find the elec- 
tric field strength taking into account the televi- 
sion center power transmitters, antenna amplifica- 
tion and the distance to residential facilities; de- 
termine radiant exposure at different distances 
from the television center; compare the results 
with the MPL of EMF radiant exposure taking 
into account sanitary and epidemiological re- 
quirements; find ways to protect residents from 
EMF effects. The result of the research is the the- 
oretical assessment of the electromagnetic situa- 
tion near the station. The dangerous and harmful 
zone for the population and the compliance with 
the sanitary norms and rules of placement of ra- 
dio-television and radar stations Ne1823-78 are 


determined. The objects of the Zheleznodorozhny 
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QneKTpoMarHuTHoe nome (IMIT) npezctapisaer 
Cepbe3HyHO OMaCHOCThb 2%KH3HU U 3}0POBbIO 4elI0- 
Beka. buonormueckui 32dekT OT BO3eMCTBUA 
QMIT B ycroBuAX JJIMTeIbHOrO MHOTOJIeETHETO 
BOSJICHCTBHA HakallJIMBaeTCA, B pe3yIbTaTe BO3- 
MOXKHbI jJiereHepaTHBHbIe 3a00]IeBaHHA IeH- 
TpaJIbHOM HepBHOM CHCTeMBI, pak KpoBu (JIEHKO- 
3bI), OMYXOJIM MO3ra, TOPMOHAIbHbIe 3a00seBAa- 
HUA, HAPyWICHHA HOPMAaJIbHOrO (PYHKITMOHUpOBa- 
HUA Kak OTJICJIbHBIX OPpraHOB, TaK HU OpraHu3mMa 
yeroBeka B IeuIOM. Llembro HacTosMlen padoTs 
ABJIACTCA TeOopeTM4ecKad OIeHKa oOmacHOCcTH 
9JIEKTPOMATHHUTHOM OOCTaHOBKH B paloHe Terle- 
lWeHTpa ropoyza Poctos-Ha-J[ony. 3ayaua padorTsl 
COCTONT B OlpesesIeHHM OMaCHOM HU BpeAHOUM A 
IIpOXKUBAHHA HACeJICHHA 3OHbI, BOSHUKINeN B pe- 
3yYJIbTaTe BIEKTPOMArHHTHOIO BO3JCHCTBHA Te- 
nemeHtpa. ABTOpbI WWlaHupy!loT: HaliTH Harips- 
X9KCHHOCTH BIIEKTPUYeECKOLO MOJIA C YUCTOM MOIII- 
HOCTeH TepesaTYWKOB TeslelleHTpa, yCusIeHuu 
aHTCHH UM pacCTOAHWA JO 2XKWJIBIX OOBCKTOB; 
OnpeeIMTb 9SHepreTHuecKHe 9KCIIO3MIIMHM Ha 
Pa3JIM4HBIX PaCCTOAHHAX OT TeJIeIleHTpa; cpaB- 
HUTb MOUYACHHbIe Pe3yJIbTAaTbI C MpeebHO O- 
ITYCTHMbIM ypoBHem (IIJ[Y) »sHepreru4ecKkux 
QMIT c 
SNMJIeEMHOIOrMYeCKHe TpeOoBaHHH; OlpeeuMTb 


9IKCHO3HIMU y4aeTOM CaHHTapHo- 
CHOCOOBI 3al[HTbI %KUTeIeH pavwoHa OT BO3Jel- 
cTBHH OIMII. B pe3ynbrate BbIMIOJIHeHHOM pado- 
TbI: IpoOBeqeHa TeOpeTHYeCcKad OMeCHKAa 3JIEKTPO- 
MarHUTHOM OOCTaHOBKH B paiioHe paciiouoxKeHus 
CTaHIIMH; ONpeyeseHa olacHad WU BpeyHaA 30Ha 
JIA TIpOXKUBAHHA HAaCeJICHHA; BbIACHCHO COOTBET- 
CTBHe pajJIMOTeJIeEBH3HOHHBIX UH pasMOJOKAallHOH- 
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district of Rostov-on-Don the inhabitants of IIpaBWJlaM Ppa3MellleHHA; yKa3aHbl OOBeEKTHI 2Ke- 


which are exposed to electromagnetic waves are N€3HONOpOxKHOTO pahoHa 1. Poctos-Ha-Jfony, 


specified. Ways of protection of inhabitants from KUTCH KOTOPHIX MOZBepraioTca OOYYCHHIO 


ITICKTPOMarHuTHbIMu BOJIHAMH,; Ope TCJICHbI 


EME are found. —— 

CHOCOOBI 3all[HTbI *KUTeeH paioua oT OMII. 
Keywords: electromagnetic field, electromagnet- Ksmo0ueBbie CJIOBa: 93JIEKTPOMarHuTHOeE Tole, 
ic impact, electromagnetic environment, TV cen- QJIEKTPOMarHHTHOe BO3JIEHCTBHe, 3JICEKTPOMar- 
ter, electric field strength, magnetic field strength, HUTHad OOCTaHOBKa, TeJICEBH3HOHHbIM TWepearo- 
radiant exposure. IMM WeHTp, HallpsxxKeHHOCTb 9JIEKTPHUeCKOTO 


TOJIA, HallpvxAxKCHHOCTb MarHHTHOTO HOJIA, IHCp- 
TeTHYUCCKAadA SKCIIO3SHUMA. 


Introduction. Electromagnetic field (EMF) has a negative impact on human health. Factors af- 
fecting the development of pathological reactions of the organism under the influence of EMF are: 

¢ electric and magnetic field strength; 

¢ duration of the electromagnetic impact; 

¢ person's age and state of health; 

¢ air humidity; 

¢ irradiation area (arms, legs, head, etc.)); 

¢ frequency and modulation of electromagnetic radiation. 

Exposure to EMF leads to the appearance of ionic currents that flow only through the intercellular 
fluid, since the cell membranes are dielectrics. 

Main part. Thermal and non-thermal effects characterize the biological effect of EMF in the radio 
frequency range. Thermal effect means an integral increase in body temperature or its individual parts 
under general or local irradiation. Non-thermal effect is associated with the transition of electromagnetic 
energy in the human body into a non-thermal form of energy in the form of a molecular resonance pro- 
cess, photochemical reaction, etc. Due to the fact that the biophysical properties of body tissues are heter- 
ogeneous, the absorption of heat energy causes uneven heating at the interface of tissues with high and 
low water content, which determines the respectively high and low absorption coefficient. 

EMF most intensively affect organs with a high water content. Overheating is especially harmful 
for tissues with poorly developed vascular system or with insufficient blood circulation (kidneys, brain), 
since the circulatory system can be regarded as a water cooling system. Eye irradiation causes clouding of 
the lens, which manifests itself quickly enough (a few days or weeks after irradiation). Intensive electro- 
magnetic field of industrial frequency causes malfunction of the central nervous and cardiovascular sys- 
tems. In this case, there is an increased fatigue, reduced precision in movement, changes in blood pressure 
and pulse, heart pain, accompanied by palpitation and arrhythmia. Special attention should be paid to the 
assessment of individual consequences of long-term contact of the population with EMF: the develop- 
ment of cancer (including leukemia), diseases associated primarily with the degradation of nerve cells. 

The earliest clinical evidence of the effects of electromagnetic radiation on humans is nervous sys- 
tem functional disorders in the form of autonomic dysfunction of neurasthenic and asthenic syndrome. 
Persons who have been in the area of exposure to EMF for a long time, note weakness, irritability, fa- 
tigue, memory impairment, sleep disturbance. Often these symptoms come with vegetative functions dis- 
orders. Cardiovascular system disorders are, as a rule, in the form of cardiophyshoneurosis: lability of 
pulse and blood pressure, tendency to hypotension, heart pains. 

High-frequency electromagnetic radiation ionizes atoms or molecules in somatic cells and thereby 
disrupt the processes occurring in them. Electromagnetic oscillations heating cells, put molecules in ther- 
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mal motion, which leads to insufficient flow of substances through membrane, and consequently, to met- 
abolic disorders. The most sensitive to the action of electromagnetic fields are the neuroendocrinal and 
central nervous systems. In the latter case, there are subjective perceptions in the form of the increased 
fatigue and headaches. Neuroendocrinal regulation disorder affects the cardiovascular system, blood sys- 
tem, immunity, metabolism, reproductive function. There may also be changes in the heart rate and vas- 
cular reactions. 

The literature describes changes in hematopoiesis, endocrine system, metabolic processes, and 
visual organs diseases. In the latter case, the thermal effect of radio-frequency radiation and microwaves 
leads to heating of the lens to the temperature exceeding the physiological norm, which causes the devel- 
opment of cataracts. This is one of the specific lesions of the electromagnetic field in the frequency range 
from 1.5 to 10 GHz. High-frequency electromagnetic waves also affect biological processes, breaking 
hydrogen bonds, which leads to the reorientation of DNA and RNA macromolecules [1]. 

Television transmitting center (television center) of Rostov-on-Don is a complex of technical 
means, providing television signals broadcast on the territory of the Rostov region, with the radius of reli- 
able reception of about 80 km. Rostov television center is typical broadcast tower of project 3803 KM, 
located in Zheleznodorozhny district of Rostov-on-Don on Barrikadnaya street. The TV tower is the tall- 
est building in the city. Its height is 195 meters. The existing network of transmitting devices of the re- 
gional radio-television transmitting center consists of six powerful and thirty-eight low-power stations. 
The power of television transmitters ranges from 0.01 to 50 kW. 

The aim of the work is a theoretical assessment of the electromagnetic situation near Rostov-on- 
Don television center, followed by the vertex outcome realization on the basis of the parametric criterion 
"impact is greater than susceptibility", taking into account the classification of working conditions. 

The object of the research — the television center of Rostov-on-Don. 

The subject of the research is the electromagnetic field of the Rostov-on-Don television center. 

Research problems: 

1. to find the intensity of the electric field, taking into account the power of the transmitters of the 
television center, amplification of antennas and the distance to residential facilities; 

2. to determine radiant exposures at different distances from the television center; 

3. to compare the obtained results with the maximum permissible level (MPL) of EMF radiant ex- 
posures taking into account sanitary and epidemiological requirements; 

4. to establish the measures of certainty of the vertex outcome on the basis of the parametric crite- 
rion "impact is greater than susceptibility". 

At the first stage, we find the values of the intensity and density of the EMF energy flow when ex- 
posed to radiation on a nearby residential object, which is a residential nine-storey house located on Ist 
Barrikadnaya street at a distance of 80 m from the television center. We estimate the electromagnetic 1m- 
pact on the areas of 80 m and 300 m from the television center. 

The electric field strength E, V/m, in the far zone of the antenna is associated with the transmitter 
power, antenna amplification and the distance from the antenna [2, 3]: 


E=—(30*P*Ga), 


where P — the input power of the antenna, W; Ga — the degree of antenna amplification in power in a 
given direction, which is determined from the antenna radiation pattern. 


Next, we find the radiant exposure in the frequency range 30 kHz—300 MHz according to the 
formulas [4]: 


99, =E* *T , (Bim); 
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99, =H? *T , (Alm), 
where H — the magnetic field strength, A/m; 7 — the time of exposure per shift, h. 
Calculation of radiant exposure QO, is carried out at distances of 80 and 300 m from the 


radiation source. Here 7 = 24 h, since the impact of the electromagnetic field is around the clock. 
Next, we find the energy flux density ///J9, W/m, and the radiant exposure DO/IIID, (uW 
/cm?)-h, in the frequency range of 300 MHz—300 GHz according to the formulas [6]: 


WHO = vor F 


Ax me p> 


JOTI = HD * T. 
Fig. 1 presents the scheme of electromagnetic radiation effect in the frequency range of 470-862 
MHz on a house located at a distance of about 80 m from the antennas to calculate the ////D parameter. 
Z 





Hanpaanenme Makc. HuTyYeHHA 






KilXs, Y,. Zs 
Hd Xs Yu, ZW ; 





Fig. 1. Scheme of electromagnetic radiation effect of the antenna on a house located at a distance of about 80 m 


The calculation of the DO////D parameter is made taking into account the electromagnetic effect 
on the first and the ninth floors of a nine-storey building. During the calculation, we take into account the 
antennas height. 

We use the following technical characteristics of the antennas 1n the calculations: 

1. for corner antennas operating frequency ranges: 66-74 MHz, 87.5—108 MHz; maximum input 
power — 10 kW; 

2. for vibrator 4-storey broadband antennas operating frequency ranges: 66-74 MHz, 87.5 -108 
MHz; maximum input power — 5 kW; 

3. for four-storey panel antennas "Sivash-Skuy" series operating frequency range: 470-862 MHz; 
height — 4.2 m; maximum input power — 32 kW; 

4. for two-storey antennas "LPA-G" operating frequency ranges: 66-74 MHz, 87.5—108 MHz, 


maximum input power — 20 kW; 
5. for wideband eight-storey panel antennas "SIVASH-2TS" series operating frequency range: 


470-860 MHz, input power up to 40 kW. 
Table 1 presents the calculation results for the television center of Rostov-on-Don. 
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Table | 
Values of parameters of electromagnetic influence of the television center 
Electric field intensity £, 


Radiant exposure at a distance 
V/m, at a distance to the P 


to the place of control 





place of control 


Antenna type, 
| 
—— 





JIID=3987 JI=277.4 
C t 12.8 
(Vimy | (vim 
> Vibrator 4-storey broadband 12.16 DII=3548.77 IID=251.94 
antennas (V/m)-h (V/m)-h 


Four-storey panel antennas 
"Sivash-Skyu" series 


At the level of the 1st floor JInns=2544 


W /cm?:h 
of a nine-storey building UW cm 


Four-storey panel antennas 
"Sivash-Skyu" series 9n19=3352.8 
At the level of the 9th floor 
uW /cm?-h 
of a nine-storey building 


Two-storey "LPA-G" anten- 13.67 FII=4484.85 IID=319.7 
nas (V/m)-h (V/m)-h 





Broadband eight-storey pan- 
el antennas "SIVASH-2TS" 
series JInnza=3504 


At the level of the Ist floor uW /cm?-h 


FJInn3z=4672.8 
uW /cm?-h 


At the second stage of problems solving, the radiant exposure on the magnetic component is not 


of a nine-storey building 


Broadband eight-storey pan- 
el antennas "SIVASH-2TS" 
series 
At the level of the 9th floor 


of a nine-storey building 





considered, due to the fact that the maximum permissible levels for the frequency range 50 MHz—300 
GHz are not established according to Sanitary Regulations and Norms SanPiN 2.2.4.3359-16 "Sanitary 
and epidemiological requirements for physical factors in the workplace" of June 21, 2016 No. 81. 

In step 3, measures of certainty of the vertex outcome are established on the basis of the paramet- 
ric criterion "impact is greater than susceptibility". The vertex outcome realization is measured at the 
condition of parameter overriding, or the magnitude of the impact s on the susceptibility r: (s =r). "The 
probability of the condition realization (s =r) 1s found by construction of a probabilistic parametric mod- 
el "impact s — susceptibility r" using a model where the impact is greater than the susceptibility" [5]. 
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We construct a probabilistic parametric model "impact s — susceptibility r" (Fig. 2). At the same 
time, the parameters m,, ms, 6, O; Were selected in accordance with the classification of working condi- 
tions for the vertex outcome calculation [3]. 

For feature selection of m, and o, of the susceptibility parameter, we use SanPiN 2.2.4.3359-16. 
Moreover, the values of MPL are determined taking into account the time of the impact of the factor dur- 
ing the working day in accordance with SanPIN 2.2.4.1191—03. 


Acceptable 
conditions of work 


Working conditions | Working conditions | Working conditions Working conditions 
hazard class 3.1 hazard class 3.2 hazard class 3.3 hazard class 3.4 





Fig. 2. Parametric models of impact and susceptibility taking into account the special assessment 
of working conditions 


Further, taking into account the impact characteristics m, and o, of radiant exposure of electro- 
magnetic radiation, we determine the class of working conditions as follows. 

In accordance with Federal law No. 426 of 28.12.2013 "On special assessment of working condi- 
tions", article 14 (classification of working conditions), we assign the values of the parametric model of 
impact and susceptibility: 

ms — Class 2 (acceptable conditions of work); 
or — subclass 3.1 (harmful working conditions of the Ist degree); 
os — subclass 3.3 (harmful working conditions of the 3rd degree); 
mr — class 4 (hazardous working conditions). 

At the fourth stage of problems solving we find the vertex outcome probability (threat to the lives 
of residents of the area) under the influence of radiation on a nearby residential facility. The residential 9- 
storey building (1st Barrikadnaya street) is located at a distance of 80 m from the radiation source. Based 
on the calculated data, probabilistic parametric models "impact s — susceptibility r" were constructed: 
model (s =r) at a distance of 80 m (Fig. 3); model (s <r) at a distance of 300 m (Fig. 4). 





Fig. 3. Parametric model "impact s — susceptibility r" taking into account the distance of 80 m(s 2Tr) 
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Fig. 4. Parametric model "impact s — susceptibility r" taking into account the distance of 300 m(s <r) 


Based on figures 3 and 4 of the parametric model, we determine the probability of exceeding the 
impact s over the susceptibility r: Pro (s =r) and the probability that the impact s is less than the suscep- 
tibility 7: Pro (s <r) [7]. 

For the case when the mathematical expectation of random impact is less than the mathematical 
expectation of random susceptibility, the probability that the action s is less than the susceptibility r: Pro ( 


s <r) 1s determined by the formula: 


mr —ms 


p\(u) = Pro(z 20) =0,5-®| —_,—— 
0,5(0°r+o"s) 


| =0,5-D(u). 


In this expression, the parameter is a probabilistic "reduced parametric safety margin" (RPSM), 
expressed by the ratio of the difference between the mathematical expectations of the impact and the sus- 
ceptibility to their total standard deviation [5]: 

mr —ms 
LS. 7. or 
0,5(0°r+o°s) 

For the case when the mathematical expectation of random impact is greater than the mathemati- 
cal expectation of random susceptibility, the probability of exceeding the impact s over the susceptibility 


r: Pro (s =r) 1s determined by the formula: 


mS — mr 


p2(u) = Pro(z 20) =0,5+@| ——_.—,— 
0,5(0°r+o's) 


f-ossou 


Replacing the "less" condition with the "more" condition in the above expressions is accompanied 

by replacing the plus sign with a minus sign: 
ms-mr mar—ms | 
0, 5(o°r + o*s) - 0, 5(o°r + o*s) - 


It is obvious that if the positive value (+) is a characteristic of the "safety margin", then the nega- 


—Uu. 


tive value (—u) expresses the presence and increase of "danger" with a further increase in the magnitude of 
the impact [6]. 
To find the probabilities p1(u) and p2(u), we use the Laplace function O(u). 

To find the probabilities pl(u) and p2(u), we use the Laplace function f(u). 

The electromagnetic situation danger in the area of Rostov-on-Don television center. Tables 
2-6 provide the calculation results of the probability values of realization of the vertex outcome Pro (s =r 
) in the function of the given parametric safety margin u for two variants of the ratios of mathematical ex- 


pectations of impact and susceptibility (1): (mr = ms) and (2): (ms = mr). 
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Table 2 
Energy characteristics of corner antennas 
with frequency ranges: 66—74 MHz and 87.5—108 MHz 


EE u D (u) pP\ (u)l(mr = ms) p2 (u)|(ms = mr) 
uW /cm?-h 


217.4 0.9896 0.33646 0.83646 0.16354 
3087 | 1.037 | 0.35083 


Table 3 
Energy characteristics of vibratory 4-storey broadband antennas with frequency ranges: 66-74 MHz and 
87.5—108 MHz 


EE u D (u) pP1 (u)|(mr = ms) p2 (u)|(ms = mr) 
uW /cm?-h 


3548.77 1.031 0.34849 0.15151 0.84849 
251.94 0.989 0.336 0.836 0.164 


Table 4 








Energy characteristics of four-storey panel antennas 
with frequency range 470-862 MHz 


EE u D (u) P\ (u)|(mr = ms) p2 (u)|(ms = mr) 
uW /cm?-h 


2544 1.126 0.369 0.131 0.869 
528) 1179 


Table 5 





Energy characteristics of two-storey LPA-G antennas 
with frequency ranges: 66-74 MHz and 87.5—108 MHz 


EE u D (u) pP\ (u)l(mr = ms) p2 (u)|(ms = mr) 
uW /cm?-h 


1484.85 | 1.0436 
319.7 | 0.99 | 0.3389 0.839 0.161 


Table 6 





Energy characteristics of broadband eight-storey panel antennas 
with frequency range 470-860 MHz 
EE D (u) P\ (u)l(mr = ms) p2 (u)| (ms = mr) 
uW /cm?-h 


3504 1.189 0.382 0.118 0.882 
4672.8 1.278 0.398 0.102 0.898 





The tables present the energy characteristics of the antennas of Rostov-on-Don television center 
and the probability of vertex outcomes realization taking into account the distance from the source of 
electromagnetic radiation. 

Conclusion. The algorithm for calculation of probability of electromagnetic influence outcome 
realization on personnel in their labor activity 1s developed and approved. The scientific novelty of the 
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method is in finding the probability of occupational disease based on the parametric criterion of "impact 
is greater than susceptibility", taking into account the classification of working conditions. 

The algorithm allows us to calculate quantitative measures of occupational diseases assessment in 
accordance with the requirements of OHSAS 18001:2007 "Order of occupational safety and health as- 
sessment". A parametric model "impact of electromagnetic fields of different frequency ranges — suscep- 
tibility" was built and probabilities of occurrence of diseases were estimated on the example of the system 
"television center— the inhabitants of a residential nine-storey building on 1-st Barrikadnaya st. of Ros- 
tov-on-Don". At the same time, it 1s proved that the residents living in this house are exposed to electro- 
magnetic influence, which corresponds to the harmful class of working conditions 3.4. With a probability 
of 0.9 (for nine out of ten people), there is a threat of the emergence and development of severe forms of 
diseases. Working personnel of the television center using PPE are exposed to electromagnetic influence, 
which corresponds to the harmful class of working conditions 3.3. With a probability of 0.9 (for nine out 
of ten employees of the television center), there is a threat of the emergence and development of occupa- 
tional diseases of moderate severity. It is concluded that it is necessary to apply organizational and tech- 
nical measures to reduce the radiation power. These theoretical calculations require confirmation in prac- 
tice by measurements. 
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using small samples of input data. The optimiza- BIOOPOK HCXOAHEIX ZaHHEIX. IIpopeyena onTu- 
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tion of truck maintenance intervals is provided. 


Keywords: safety, reliability, equipment failure, 
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HOCTb, Harpy2KeHHOCTE, pecypc. 


Introduction. To ensure equipment safety in such industries as construction, transport, engineer- 
ing, there is the need to justify the indicators and reliability criteria that reflect the properties of the creat- 
ed technical systems. Safety requirements are functionally related to reliability requirements. The actual 
tasks of the industry in modern conditions are improving the safety of work, equipment reliability, labor 
costs and operating costs minimization. 

Cost minimization. Technical failures and an insufficient level of reliability in general can lead to 
industrial injuries, increase in the cost of work, significant losses of time. In reliability calculation, it 1s 
necessary to apply the methods of reduction of labor, duration of tests and financial cost in obtaining the 
original data [1, 2]. The decrease in sample numbers in strength, loading and resource, as well as the use 
of indirect correlation methods for determining the strength of samples and parts lead to minimization of 
costs of production, operation and forecasting of the life of a part or vehicle as a whole (Fig. 1). 

Reliability optimization. Reducing the samples volume in strength, loading and resource at the 
minimum error was carried out using the developed method to ensure the basic indicator of resource reli- 
ability. The method under consideration is based on the use of small samples of initial data and the distri- 
bution of absolute amplitudes for modeling the general population of a finite volume [3-5]. 


Distribution function of absolute amplitudes W.. = X,—X;s. (7,5=1,...,n) has the form: 
S 


W 
F(W )= | f(W aw, 
0 
where f(W,;) 1s the density of amplitude distribution (in a general form): 


+00 
f W,.) =C,.. | P(x) p(x)[P(x+ W,,.) — P(x) PP" p(x + W,,.) x [1- P(x + W,,. JI" dx, 
a: 
(r-l)'(s—r—-l1)'\(n-s)! 
p(x) 1s the characteristic probability density of the. 


; P(x) — characteristic distribution function; 
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Ways to reduce the complexity, duration of testing and financial costs in obtaining the initial 
data for reliability calculations 


Reduction of samples volume by strength, 
loading and resource by minimum error 


Analytical justification of the reduction of The choice of indirect correlation method for de- 
sample volume and the transition to a fi- termining the endurance limit of steel through 
nite volume set hardness and tensile strength at the minimum error 





Application of indirect correlation methods 





for determining the strength of samples and 
parts 





Minimization of unit costs: 

- cost of production and operation of parts; 
- labour intensity, 

- test duration 

upon receipt of initial data 


Fig. 1. Improving the efficiency of optimal reliability of equipment and its components 


Fig. 2 shows the empirical and approximating distribution functions of the general population of 
the final resource volume of KAMAZ-4308 truck engine 7p. Optimization of the value of probability of 
no-failure operation (PNFO) of the car engine is carried out according to the criterion of optimization of 


the specific cost Ci (Fig. 3). 








0 1000 =©6- 2000-—S's«s«33000—-'si«i«‘«é4000—“‘é‘T*SZPYQT 
Fig. 2. Functions of distribution of GSKO resource of KAMAZ-4308 truck engine: 1 — empirical; 2 — approximating 


Ci, 
Cii, 
C2i 
Ci 


Ci ! va C2; 


1 2 3 4 5 6 Engine 
Fig. 3. Optimization of operation modes of the vehicle engine (and, accordingly, the probability of its no-failure operation) 


It is necessary to calculate several C7 values for different modes of the car engine operation (use of 
different types of fuel; use of additives that increase the gasoline proknock properties; scheduled mainte- 
nance, etc.) and to determine the probability of no-failure operation P(t). With the known functions P(t) 
and failure rate A(t), it is possible to optimize the duration of the technical object operation in the periods 
between the scheduled maintenance. It is necessary to take into account the possibility of implicit failures. 
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Let us denote by u the additional financial losses where there is the agreement of other total expenses 
from implicit failures: 
‘2 T 


S(t) =Up(t <t)+Cp(t >t) +ul of (t-2)dt =U[1—P(t)]+CP(t)+u|[1- P(e) Jar = 


v 
=U+(C-U)P(t)+u t—| P(t)dt 
0 
Average unit cost over the time T: 


s(t)=— U(C-U)PU) oul == [PC 


0 
Differentiating the expression by t and equating the derivative to zero, we obtain the equation: 
dP(t 
Piers 2 t—| P(t)dt —_ 
dt U-C ‘ U-C 


The desired solution of the equation is the optimal frequency of maintenance. 
Let us imagine the risk function for a technical object with periodic maintenance in the form of: 


S = CP, (t)+UP;(t). 

Based on the minimization of the quantitative value of risk [6], we solve the problem of optimiz- 
ing the value of the period between the planned maintenances. The value will have the size of the total 
unit costs associated with losses on the recovery and repair of equipment, as well as with the violation of 
the period of work due to machine complex downtime. 

Obtaining practical results. The results of the optimization of the maintenance periodicity To, 
are summarized in table 1, where S,,;, 1s the smallest quantitative characteristic of risk; A is the failure 
rate; T is the time value of the period between maintenances; U/C is the ratio of costs in case of a sudden 
failure to the cost of maintenance. KAMAZ-—4308 truck 1s selected as an example. 

Table | 

The results of the problem solution of optimizing the duration of the period between the planned 

maintenances of KAMAZ—4308 truck 


Frequency of maintenance 7),;, h 


7A=10°h'! A=107h'! 7A=10°h' 
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Thus, given A = 10° h' and t = 100 h, the cost ratio 1s U/C=100. Taking into account the final 
probabilities of states, the value of the minimum technogenic risk Sj, = 0.0613 and the optimal periodici- 
ty of maintenance 7),,; = 907h ~ 2 months. 

The optimization of the probability of no-failure operation of machines according to the criterion 
of "total unit costs" can reduce the injury rate in the production of works with technical objects, thereby 
increasing industrial safety. Justification of indicators and reliability criteria in the framework of increas- 
ing the reliability of works leads to a decrease in failures, reduction of losses for repair and recovery of 
equipment. 

Conclusion. Improving the equipment safety and reliability will lead to injury reduction, reliabil- 
ity increase, reduction of the cost of its repair and recovery. 
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The paper considers the main systems for moni- 
toring elevator equipment condition, their tasks 
and functionality. The dependence of the degree 
of elevator load on the number of storeys of the 
building is considered. The paper provides op- 
tions for expanding the possibilities of dispatch- 
ing systems for better safety of elevator struc- 
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Introduction. Every day a large number of people use elevator units to go up the high-rise build- 
ings. At the same time, high-rise construction significantly prevails over low-rise construction. Thus, ac- 
cording to statistics, in 2018 the volume of construction of buildings with a height of 9 or more floors 
amounted to 86.3 % of the total volume of construction in Russia. Therefore, the number of elevators, 
both in houses and in institutions 1s constantly growing. Together with the growth of the number of eleva- 
tors, the need for quality control of both the elevator units operation and their maintenance and repair in- 
creases. To meet these challenges, people use condition monitoring dispatching systems of elevator units 
[1, 2]. 

Main part. Currently the market of elevators control systems provides a big number of computer 
programs: software dispatching complex "OB" [3]; system of elevator dispatching, control, and commu- 
nications SLDKS-1 [4]; elevators scheduling program MPultPro and others. These systems have a similar 
set of functions that allows you to control the elevator movement in real time and transmit information to 
the control panel of the dispatcher, which can simultaneously control several dozens of elevator units in 
various construction facilities. 

The dispatching complex connected to the elevator provides the dispatcher with the following in- 
formation: 

¢ actuation of electrical safety circuits; 

¢ unauthorized opening of the shaft doors in the normal operation mode; 

* opening of the door (cover) of the elevator control device out of the machine room; 

¢ actuation of the emergency call button from the elevator car; 

¢ opening of the door of the machine, block rooms of the elevator, the door at the elevator shaft pit. 

In addition, the control complex performs the following functions: 

¢ two-way communication between the control room and the cabin (roof) of the elevator, the con- 
trol room and the engine room; 
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¢ automatic check of the communication path with the elevator car; 

¢ sound and light confirmation of the registration of the dispatcher call to negotiation from the ele- 
vator cabin and the machine room; 

¢ remote disconnection of the elevator power supply at the command of the dispatcher; 

¢ backup power to the elevator units from the local bus or from the accumulator battery and signal- 
ing the transition to backup power; 

¢ protection of devices against the local bus getting high voltage lightning discharges and induced 
pulse overvoltage, as well as protection against short circuits on the local bus; 

¢ changing the parameters of the elevator unit using the service tool; 

¢ connection to microprocessor-based elevator control stations via serial interface; 

¢ connection of the yellow and green pictograms in accordance with GOST R 51631-2008 [5]; 

¢ monitoring the health of the connected equipment; 

¢ identification of incoming alarm: from what lift and what kind of signal. 

As it can be seen from the description of functional capabilities of dispatching systems, they con- 
stantly monitor the elevator, as well as solve the problem of ensuring safe functioning of elevator devices. 
However, these control systems do not control the level of specific load experienced by elevator elements 
over a period of time. These programs signal to the dispatcher about already occurred failures or emer- 
gency, but do not allow generating a report on the loading conditions of elevator elements. The ultimate 
purpose of such information may be to justify the timing of maintenance or repair work in the inter- 
service interval, which would increase the level of safety in the operation of elevator units, as well as re- 
duce operating costs. It is obvious that timely and qualitative routine maintenance works, the size and se- 
quence of which have a scientific justification, will significantly reduce the risk of emergencies. At the 
same time, it should be emphasized that according to the available data [6], the program of service and 
maintenance of elevators of different number of storeys operating in different loading modes in terms of 
the number of cycles and the magnitude of the statistically equivalent load on the drive, ropes and other 
elements, differ little from each other. Thus, the frequency of routine maintenance and repair of identical 
models of passenger elevators operated under different conditions should be different to ensure a proper 
level of safe operation. The work [7] proposes a relationship for calculating elevator units equivalent load, 
taking into account the periodic changes of the load in each cycle and the frequency of use of the system. 
Equivalent in this case means the load received by all elements of the drive of the elevator taken by the 
engine shaft. 

Fig. | demonstrates the results of the implementation of the algorithm of modeling the elevator 
operation modes using a computer program "Simulation of a passenger elevator" [8]. 
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Fig. 1 Distribution of equivalent torques in each cycle of elevator movement: M,,,,— equivalent torque on 
a shaft of the engine; Nyoo,; — number of storeys in a building 
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The study was conducted for three houses with 9, 16 and 22 floors, as well as in three different 
modes of operation of the elevator: morning, day and evening. The study showed that as the number of 
floors in a building increases, the dispersion of equivalent torques increases, the upper quartiles shift up- 
wards, and the distributions deviate more and more from the normal pattern and there are many whip- 
pings. Evening mode is characterized by the movement of passengers on the upper floors, this leads to an 
overall increase in the equivalent torque of the engine and, as can be seen from Fig. 1, the evening mode 
of the building of lower number of storeys is more energy-intensive than the morning mode of the build- 
ing of higher number of storeys. 

Based on the results obtained, it can be concluded that the value of equivalent torques increases 
disproportionately to the increase in the number of storeys in the building. If the same models are used in 
buildings with different number of storeys, their operating time before the next maintenance or repair can 
be significantly different and, therefore, the control of the degree of elevator loading will have a positive 
impact on ensuring a higher level of safety. 

Conclusion. For a more in-depth control over the degree of loading of each individual elevator, it 
is required to introduce additional controls into the already operating dispatching system. These means 
will allow fixing so-called equivalent loadings during operation, which can serve as an indicator of an el- 
evator complex condition as a whole and the need of preventive and other types of maintenance works. 
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Introduction. Combustion of hydrocarbon and various types of alcohol-containing fuel in auto- 


mobile internal combustion engines producing toxic products pollutes the air. This leads to the deteriora- 


tion of environmental condition in large industrial cities, climate change, the disruption of equality in the 


ecosystem of the region and the deterioration of health of the people living on this territory. 


Main part. In Rostov-on-Don, the share of emissions from motor vehicles in total emissions into 
the atmosphere has increased from 61.1% in the mid-1990s to 97.9% in 2014 


The composition of air pollutants in Rostov-on-Don for two periods: 2009-2014 and 2014-2016 


[1-3] was studied by statistical methods [1-3]. According to the results of the study, a database was creat- 


ed for the development of a mathematical model of pollution of the atmosphere surface layer by vehicles. 


The diagrams (Fig. 1, 2) show the results of air emissions analysis in Rostov-on-Don. 
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Fig. 1. Composition of pollutants emissions into the atmosphere in 2014 compared to 2009 
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Fig. 2. Composition of pollutants emissions into the atmosphere in 2014 compared to 2009 


The diagrams (Fig. 3, 4) show the specific contribution of motor transport to the dynamics of 


gross emissions (thousand tons) of pollutants into the atmosphere from stationary and mobile sources of 
pollution in Rostov-on-Don in 2009-2016. 
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Fig. 3. Air emissions in Rostov-on-Don (thousand tons) in 2009-2014 
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Fig. 4. Air emissions in Rostov-on-Don (thousand tons) in 2014-2016 


Over the study period, there were two stages in the development of environmental protection in re- 
lation to the level of air pollution by vehicles. At the same time, the chemical composition of emissions 
depends on the growth of qualitative and quantitative composition of the vehicle park, as well as on the 
established requirements for imported cars, the requirements for their quality and compliance with envi- 
ronmental safety, and, finally, the requirements for the quality of hydrocarbon fuel produced in our coun- 
try for cars [4-14]. 

In Rostov-on-Don in 2009-2014, there was a sharp increase in vehicles emissions. The emissions 
include carbon oxides, phenol, formaldehyde, other volatile organic compounds, as well as soot. All this 
is related directly to the significant increase in the operated fleet of vehicles and their non-compliance 
with the environmental requirements. At the same time, there is a decrease in the level of pollution with 
sulfur dioxide, nitrogen oxide, hydrogen sulfide and benzpyrene. During 2014-2016, the situation 
changed for the better. The growth of emissions into the atmosphere from road transport slowed down, 
which clearly demonstrates the effect of the decisions taken at the state level to limit the import of sec- 
ond-hand cars and to improve the quality of hydrocarbon fuel. 

Conclusion. The data obtained demonstrate the dependence of the volume and structure of emis- 
sions that pollute the atmosphere on the qualitative and quantitative composition of the city's car park. 
The authors intend to create a mathematical model of pollution of the atmosphere surface layer in urban 
conditions, which can be used to predict the dynamics of the process. The solutions to this task will con- 
tribute to the implementation of measures to reduce the negative impact of emissions on the environment, 
which is a priority direction of modern environmental policy. 
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This article analyzes traffic accidents in the Ros- 
tov region in 2018, their main causes, dependence 
on time of day, driving experience, age of drivers. 
Methods for reducing accident rates are proposed. 
There is a decrease in the number of road acci- 
dents compared with 2017 on the example of sta- 
tistical data provided by the State Road Transport 
Inspectorate and posted on the Internet. Options 
for conducting additional internships, contests of 
knowledge of the road traffic regulations, driving 
skills competitions, road rally, methods of speed 
limit remote control, comfortable driving, intro- 
duction of driver physical monitoring systems, 
introduction of vehicle technical condition moni- 
toring systems, fault indication systems are con- 
sidered. Special attention is given to the use of 
risk-based approach in road transport enterprises 


and risk class reduction. 
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AHasIM3MpylOTCA JLOPO2KHO-TpaHCIOpTHBle Ipo- 
HcwuiecTBuA B PocToBcKoN oOsacTu 3a 2018 ron, 
UX OCHOBHBIe IIPpH4HHbI, 3ABMCHMOCTb OT BPeMe- 
HM CYTOK, BOXUTeJIBCKOIO CTaxKa, BO3pacTa BOH- 
TeyleH, MWpeylaratoTCA MeTOJIbI CHVW2KCHUA aBa- 
pumHoctu. OTMeyaeTca CHMKeHHMe KOJMUeCTBAa 
JIOPO2KHO-TpaHCIOpTHBIX  IpOUCIIeCTBHH 10 
cpaBHenuto c 2017 royoM Ha IIpuMepe cTaTHCTH- 
YeCKHX JIaHHBIX, [peOCTaBJIGHHbIX Tocyyap- 
CTBCHHOHM aBTOMOOHWJIbHOM WHCHeKWMeM UU pa3- 
MECIIICHHBIX B CeETH HHTepHeT. PaccmMaTpuBaloTca 
BapHaHTbI MpOBeXeHHA JOMOUHUTeIbHBIX CTaxKH- 
POBOK, KOHKypcoB 3HaHuuH «I lpaBHsl DOpoxXHOrO 
JIBYDKeEHHA», COPCBHOBAHHH TIO MacTepCcTBy BO- 
*KTCHHA, 10 TOpoxHOMy pamiu. Ilpenm0*eHBI 
METOJIbI JMCTAHIIMOHHOLO KOHTPOJIA CKOPOCTHOLO 
pexuMa, KOM@OpTHOrO BOK TeHHA. PaccmotpeHa 
IeecooOpa3HOcTb BHeJPCHHA CHCTeCM KOHTDPOJIA 
(pu3H4eCKOrO COCTOAHHA BOJMTeIA WU TexXHu4e- 
CKOrO COCTOAHUA TpaHCHOpTHOrO cpeCTBa, CH- 
CTeM WHAMKalMu HeucipaBHocTev. OTyeJIbHO 
paccMaTpHBaroTCcA lIpuMeHeHue PUcK- 
OPHeHTHpOBaHHOTO MOAXOAa B aBTOTPAaHCHOptT- 
HbIX NpeAMpUATHAX UW CHYDKEHUe KIIACCca PuCKa. 
Ks1t04eBbIe CIOBAa: JOPO2XKHO-TpaHcnopTHoe 
mponcimectsBue, JI TI, aaapuvHoctsb Ha TpaHc- 
MOpTe, METObI CHWXKEHHA, IJIEKTPOHHbIe 


YCTpOMCTBA, PHCK-OpHeHTHPOBaHHbIN NOAXOI. 


Introduction. Table | presents information on accidents on the Rostov region roads in 2017- 


2018. It includes the total number of cases of road traffic accidents (RTA), cases of injury and death of 


road users. It provides comparative data (in percentage form) in relation to the last year’s period (LYP). 
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Table | 


Indicator name RTA | +%LYP saad + % hanued + % 
LYP J LYP 


Despite the overall dynamics of reducing the number of road traffic accidents in 2018 compared to 





2017, their total number remains very impressive. In 2018 in the Rostov region, there were 3925 acci- 
dents in which 554 people died and 4860 people were injured. The number of accidents involving chil- 
dren under 16 years - 378, 19 children died and 403 children were injured in these accidents. Every day 
people die on the Rostov region roads. What are the causes of these accidents? Analyzing the statistics 
[1], 1t can be noted that the maximum number of accidents occur both in dinner time and in the evening 
rush hours, which can be explained by the general fatigue of drivers. Table 2 shows the number of acci- 
dents at different times of day. 

Table 2 

Road traffic accidents by the time of their occurrence 


Time of the | OQ-— O1-— 02— 03-— 04— 05— 06— Q7- O8S— | OO | 10— | 11— 
day interval Ol 02 03 04 05 06 07 O08 09 10 | 11 12 
ee ee 

accidents 

Continuation of table 2 

Time of the 13-— 14— 15- 16— 17- 18— 19— 20= | 21) 22—.)|.23= 

day interval 1 14 15 16 17 18 19 20 21 22 | 23: || 24 
accidents 


Tables 3-5 provide data on the number of accidents due to traffic violations (traffic rules), depend- 








ing on the type of vehicle, intoxication, age and drivers’ experience. 
Table 3 
Number of accidents for different types of vehicles and drivers in a state of intoxication 


drivers in a state of intoxication accidents 
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Table 4 
Age of 
drivers, 
years 


Number 
of 





accidents 


Table 5 


Driving experience, years 10-15 More than 15 
Number ofaccidents | 229 | 307~=«| Ss SYSST 


Summarizing the information presented in tables 2-5, it is worth noting that 3334 accidents oc- 
curred because of traffic violations by drivers. Of these, drivers of cars — 2716 accidents, drivers of 
trucks — 266 accidents and bus drivers — 73 accidents. The number of bus passengers’ casualties 
amounted to 9 people, which is 40 % less than in 2017. Some sources claim that the younger the driver is, 
the more likely he is to become the culprit of an accident [2]. Statistics say the opposite. The number of 
accidents with drivers from 18 to 25 years is 452 cases, and at the age of 25 to 30 years — 464 cases, in 
the age group from 30 to 40 years — 916 cases. With the further increase in the age of drivers, the num- 
ber of accidents gradually decreases. Therefore, for the age group from 40 to 50 years, the number of ac- 
cidents is 599, and for the group from 50 to 60 years, this figure is 399. The biggest number of accidents 
caused by drivers is observed among the drivers with long work experience (over 15 years) — 1427 cas- 
es. For drivers with experience less than 2 years, there were only 229 accidents. 244 accidents were 
drunken-driving accidents; in 80 cases drivers refused to undergo a medical examination. 

Table 6 presents statistical data on the most typical emergencies associated with road accidents. It 
considers 3925 cases. Among them 995 people were injured in accidents, at the place of which there were 
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violations of the mandatory requirements for the operating condition of automobile roads and railway 
crossings under the conditions of ensuring road safety (RS). 
Table 6 
Accident circumstances and the number of the injured 


188 


1096 


250 





Table 6 shows that the maximum number of the injured (1782) was in car collisions. The second 
place was automobile-pedestrian accident — 1096 cases. The third most common accident — violation of 
the operational condition of roads and railway crossings to comply with road safety — 995 cases. Atten- 
tion is also drawn to the increase in the number of accidents caused by the operation of technically defec- 
tive vehicles. In 2018, there was an increase of 53.8% compared to the same indicator last year. 

Conclusion. Possible ways to reduce the number of accidents: 

¢ assessment of traffic rules knowledge. It may be voluntary, organizing knowledge competitions 
in road transport companies, as well as arranging competitions for motorists as road rally. Drivers work- 
ing in road transport enterprises should regularly undergo training on traffic rules knowledge. For unem- 
ployed drivers with experience over 15 years and age over 35 years, it is recommended to introduce a 
mandatory test of traffic rules knowledge, for example, with periodic reissue of the driver's license. The 
incentive to comply with the traffic rules is also the presence on the vehicles of transport enterprises 
phones with the person responsible for the observation of traffic rules or the dispatcher, given the fact that 
any person who recorded the fact of traffic rules violation by the car of the enterprise can call them; 

¢ driving quality improvement. To this extent, it is necessary to include the organization of courses 
of driving maneuvers training of motorists and employees of enterprises working on certain vehicles, as 
well as driving competitions for motorists and between motor transport enterprises. In addition, it 1s pos- 


sible to carry out such activities as cultural events (family events) for family members of employees of 
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motor transportation enterprises [3]. An important factor is the installation of critical acceleration sensors 
on vehicles, which could record motion smoothness of these vehicles. For vehicles, carrying passengers 
and heavy goods, especially in a liquid state, the installation of such sensors should be mandatory; 

° organization of systems that monitor physical well-being of drivers. If a driver violates work-rest 
schedule, or just suddenly feels bad, but continues to drive a vehicle — it can lead to a tragedy. On trucks 
weighing more than 3.5 tons, on buses and cars carrying passengers, it is necessary to provide an alcohol- 
screening device that activates periodically [4]. Information on exceeding the safe threshold values of 
these parameters should be displayed on the dispatcher control unit of the motor transport enterprise and 
on the external light indicator installed on the car, as well as on the information board in the cabins of cars 
Carrying passengers; 

¢ installation of systems that control the car speed and its technical condition. The systems should 
transmit data to motor transport enterprises on the vehicle speed, on its technical serviceability [5]. Infor- 
mation on exceeding the safe threshold values should also be sent to the dispatcher control unit of the mo- 
tor transport enterprise and the external light indicator on the vehicle, as well as to information boards in 
the cabins of cars carrying passengers; 

¢ weekly monitoring of roadway and road equipment state for compliance with the requirements 
for the operational state of roads and railway crossings to comply with road safety. 

Achieving all of the above-mentioned things will help to increase the level of safety of road 
transport enterprises and to reduce the hazard class resulting from the application of the risk-based ap- 
proach. 
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ENVIRONMENT AT RISK PEMMEHHM B YCJIOBUAX 
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A model has been built for estimating the degree IlocrpoeHa MOeJIb ONeCHHBaHHA CTeMeHu He- 
of uncertainty in making technical decisions. It is OlIpeeIeHHOCTH TIpw MpWHATHH TexXHW4YeCKHXx 
based on a comparison of the results of decisions pemleHui. Ona OCHOBaHa Ha CpaBHeHHN jaHHbIx 
made (training sample) with their assessment oOy4arolleH BbIOOPKU C UX OIeHKOM MO Wpeywa- 
based on indicators adopted for the intended deci- TraeMbIM B MOJIeJIM WOKa3aTesAM. 
sion making. 
Keywords: operational safety, risk minimization, KunoueBbie CJI0Ba: Oe30MaCHOCTb 93KCIIyaTa- 
uncertainty, decision making, training sample, IMM, MMHMMU3AlIMA PHCKAa, HeOIpesesJICHHOCTE, 
replacement function, quantitative risk assess- IIPHHATHE pellleHui, OOyyarollad BbIOOpKa, 3a- 
ment. Mellarollad (YHKIMA, KOJIMYeCTBeHHad OLeHKa 
pucka. 


Introduction. Nowadays in engineering practice, it is increasingly necessary to make decisions in 
uncertain environment, when the consequences of decisions are associated with a particular risk. The 
risks in this case include the possibility of accidents, catastrophes and other events defined by the concept 
of "operational safety". It is obvious that in making certain technical decisions in uncertain environment, 
the risk cannot be fully excepted. Informed risk-taking and its minimization should be taken into account 
in modern conditions, avoiding its complete disregard. Moreover, it may sometimes be beneficial not to 
minimize the risk but to allow some level of risk, especially in uncertain environment, in order to increase 
the overall usefulness of the decision. This is due to the fact that risk-free decision-making, for example, 
from an extremely pessimistic position with maximum caution, is usually unprofitable. In the scientific 
approach, the decision must be taken from the position of assessing the quantity of risk, which has a given 
boundary when achieving the result with the necessary certainty. The solutions described below are aimed 
at ensuring the effectiveness of technical decision-making in uncertain environment with a calculated 
risk. 

The concept of risk and uncertainty. The technical decision taken in situations involving risk, in 
addition to the desired positive result, necessarily leads to any losses (financial, material, temporary, etc.). 
The cost depends on external conditions (effects), and this dependence is not probabilistic, but possible, 
especially with single decisions. In the field of engineering practice, the concept of risk has the meaning 
of "responsibility for the decision" [1]. And this responsibility is connected, first of all, with the life and 
health of people. In all cases, in accordance with the requirements of modern science, the concept of risk 
should make it possible to quantify it. In the future, the risk will be understood as the value that character- 
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izes the possibility of obtaining an undesirable result in the considered situation of decision-making. In 
particular, in [1] 1t is proposed to determine the amount of risk as a product of the value of the undesirable 
result (or an event uniquely associated with this result) by the possible extent to achieve it (or the possible 
extent of the occurrence of the corresponding event). Therefore, to quantify the risk, let us first assume 
that each considered variant of the A; decision from a finite set of variants A;, Az, ..., Aj ..., Am 1S unique- 
ly associated with some undesirable result depending on the external conditions (effects) of F;. In general, 
in uncertain environment, the set of external conditions F is described by fuzzy set theory and 1s also fi- 
nite, although it is principally possible to consider an infinite fuzzy set of external conditions Fy, F2, ..., 
F’. Next, we will consider the situation of decision-making, when considering obviously unacceptable op- 
tions we will need to make a choice. We believe that the results contained in the set A will meet the con- 
ditions with a positive outcome. In this case, the problem of decision-making is to reduce the probability 
of large losses when choosing an alternative from the set A of the following form [2]: 
Aj = (€i1, Dil; ...3 Ci, Dis»), L= L, 2, ..., Mm, 

where ej 1s the loss that occurs when the j-th external conditions, j = 1, 2, ..., n; pi; — the possibil- 
ity of realization of the j-th external conditions when making the i-th desicion. 

As shown in [2], the goal (reducing the possibility of large losses) can be achieved if the risk as- 
sessment of the i-th decision as a measure of the possibility of realization of certain losses e use a special 
replacement function P;(e), reflecting (as accurately as possible) the possibility of large losses [3-5]. 

Construction of compensatory functions in uncertain environment 

A compensatory function must meet the following requirements [2]. 

First, the function P;(e) must belong to such a family of functions defined on the e axis f(e, h) with 
the parameter h, at which one of the following conditions must be satisfied for all e from the interested to 
us area: 

if h, > hp, then f(e, ha) = f(e, hp); 
if h, > hp, then f(e, ha) < f(e, hy). 

Second, the values of the compensatory function P;(e) and function f(e, h) should lie in the follow- 
ing interval 

0 <fle, hp) <1. 

The first two requirements are obvious. When formulating the third requirement, we note that the 
compensatory function should reflect the possibility of large losses with increasing uncertainty in deci- 
sion-making. Therefore, it is advisable to formulate the third requirement in the following form: 

Pi(e) =f (e, hi), 

where /; 1s the value of the parameter / at which the difference between the functions f (e, h) and 

P;(e) 18 minimal for all the values of / in the H; area where the condition 1s satisfied: 
f(e, h) 2P;(e). 

This means that the function f (e, h) provides the highest accuracy of the upper limits of the possi- 
bility of large losses with increasing uncertainty. To satisfy the last requirement, a special function was 
introduced in [2]: 

q (p, B) = (1 - BxInp)”) 

The value p here is the value of the compensatory function P;(e), 1.e. in this case p = P;(e). B pa- 
rameter determines the degree of uncertainty in the considered decision-making situation. 

According to the condition (2), the value of p lies in the range 0 < p < 1, therefore, the function 
q(p, B) is always non-negative and its values also lie in the interval [0,1]. It follows that for all the losses 
e from the range of values E, 

if Pi(e) = P(e), then q[Pi(e), B] = q[P;(e), B] 
and if Pi(e) > P(e), then q[Pi(e), B] 2 q[P;(e), BI. 
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Therefore, when assessing the risk, the comparison of compensatory functions P(e) can be re- 


duced to a comparison of functions q[Pi(e), B], which in this case can also be a measure of the possibility 
of the 1-th event associated with losses e [6-9]. 
The value B can take any value in the interval [0, +L]. Moreover, the greater the value of B, the 
greater the degree of uncertainty in the decision. 
Risk assessment in uncertain conditions 
Now previous considerations allow us to move on to the quantitative assessment of risk. Accord- 
ing to the definition introduced earlier, risk is the product of the amount of loss e received as a result of a 
decision, by the extent of the possibility of occurrence of the event associated with this decision, 1.e. 
r= exq(p, B). (6) 
Given that p = P;(e), and the compensatory function is subject to the above requirements, the 
amount of risk must belong to a certain set of Rj, which can be expressed [10-13] as follows: 
R; = {rlreR” A VecEr = exq[P;(e), BI}. (7) 
To perform the inequality included in (7), it is necessary to consider the behavior of the compen- 
satory function P;(e). When the value of losses in the interval ej; < e < ej; G = 2, ..., n), the function re- 
tains a constant value, i.e. P(e) = const. When the value of losses reaches the set values, 1.e. at e = ej; the 
function P;(e) decreases abruptly. Hence, the maxima of the function r = exq[P;(e), B] correspond to ab- 


Sscissae € = €j1, €j2, ..., Cin. It follows that the maximum risk value is determined by the formula 
max(r) = max{exq[P\(e), B]} = max {ej xq[P,(e), B]}. (8) 
eceE ecE JEN, 


where Nj = {j | ei; € E}. 
It is obvious that the inequality r > exq[P;(e), B] is equivalent to the inequality 
r > max{exq[Pi(e), B]}, eeE 
Then, given (8), the expression (7) will take the form 
Rj = {rlreR®” Or = hj}, (9) 
where h; = max { e;;-q[Pi(e;j), B]}. J EN; 

In addition, in order to meet the requirements for the compensatory function, it is necessary that 

[2]: 
f(e, h) = 1 ate <h, (10) 
f(e, h) = exp(-1/B)-exp[-1/B(e/h)”] ate >h 
This implies the correctness of the first condition (1), 1.e. 1f ha > hp, then 
f(e, hp). (11) 

When assessing the risk of the i-th decision, it is necessary to choose the minimum value among 

the whole set of risk values r € R;. Then it follows from (9) and (11) that 
r= minr=h; (12) 

Thus, taking into account (5), (9) from the expression (12) it follows that the value of the risk of 

the i-th decision is determined by the formula 
Y= max {¢é;,[ 1 —B-In Pi(e,)}’”}. (13) 
r ER; 

To determine the parameter B, a finite set P of so-called training objects should be given, the level 
of safety of operation of which is objectively known and can be estimated by a numerical indicator. This 
allows us to form a kind of approximating objectively existing reality (training) matrix of paired relation- 
ships between these objects [14]: 


Q — llr llp.p 
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The size of the square symmetric matrix Q is determined by the number p of the considered train- 
ing objects from the set P, and its elements g,, are the known squares of distances between the r-th and 
the k-th training objects on the axis of preference from the safety point of view [15, 16]. 

To construct the relation S on pairs of training objects, we determine the square of the distance be- 
tween the r-th and the k-th training objects on the z-axis by the formula: 


ra 2 
Sx (b) = (Z, — Zy)° — » bj (x,.j = Xj) 
j=l 


Then the observed structure of relationships between training objects on the z-axis 
S(b) = 














S 
rk PP 


The vector D is fixed. 
We will assess compliance with the functional. 


B=> > [sy (b)—ay] . 


r=l k=r+1 

The value of this functional shows the degree of uncertainty in the evaluation of the decision- 
making results. 

The structure of relationships between training objects and the relationships observed on the z-axis 
of the structure are discussed above. 

Conclusion. The assessment model of the degree of uncertainty in technical decision-making 1s 
constructed. It is based on a comparison of the training sample data with their assessment by the proposed 
indicators in the model. 
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YUET MO2KAPOB H AX MOCJIEJCTBHUN 
B POCCHHMCKON ®EJIEPALMH 
B 2019 TOY 
Toooyonowu FE. H., Cmpyorcenkoe A. H. 
AkajJleMia rocyapcTBeHHOM MpOTHBOTIOKAapHou 
coyxObr MYC Poccun, r. Poctos-Ha-Jlony, 
Poccuvickaa Menepaina 


B ctTaTbe paccMoTpeHa akTyaJibHad mpoOsema 
yueTa MoxKapoB WM UX TWocueqcTBuM. Ha OCHOBe 
aHasIu3a MexK]yHapOJHOrO OLbITa HW COsepxKaHHA 
HOPMaTHBHbIX JIOKYMCHTOB M0Ka3aHo, 4TO Cyllle- 
CTBYFOINIMe HOPMBbI He OTBeYa!OT COBPeCMCHHbIM 
TpeOOBaHHAM 3aKOHOJATCJIbHbIX AKTOB HU Tpeby- 
HOT CYIIeCCTBeEHHOrO ycoBepleHcTBOBaHuA. IIpu- 
BeJCHbI OCHOBHBIe ITyTH WM HalipaBsIeHHA COBep- 
I€HCTBOBAaHHA HOPMAaTHBHbIX JIOKYMCHTOB C IIe- 
NIbIO UX IPeCKTHBHOCTH HU COOTBETCTBHA 38KOHO- 
JaTCJIBCTBY. 

Ku0ueBbie CJIOBa: TOKapHad Oe30MacHOCcTh, 
3aropaHue, KOPpeKTHPOBKa HOPMATHBHBEIX Tpevo- 
BaHMH, Ha30pHad JICATCJIBHOCTh, YACT WOK ApoB. 


Introduction. The Russian Federation has a unified state system of statistical recording of fires 


and their consequences. The State Fire-Fighting Service maintains official statistical records and state sta- 


tistical reports on fires and their consequences. The EMERCOM of Russia [1] determines the recording 


of fires and their consequences. 


Since January 1, 2019, the amended recording of fires and their consequences has been working 


on the territory of the Russian Federation. The previous procedure was valid for ten years [2]. 


Significant changes are the abandonment of the term "catching fire" and the change in the order of 


accounting for injured and dead people in the fire. 


Let us consider in depth the change in the order of recording of fires. 
The definition of the term "catching fire" is given in GOST 12.1.033—81 "Occupational Safety 
Standards (SSBT). Fire Safety. Terms and Definitions". Catching fire — an uncontrolled burning outside 


a special furnace, without damage [3, 4]. 


The problem of updating the regulatory requirements for safety has been the subject of research 
for many years [5]. Largely practice of supervision was based on normative materials of the USSR; it was 


not a scientifically sound analysis. As a result, the existing methods do not contain special calculations of 


risk assessment and factors determining the probability of fires and heat flux intensity. 


The analysis of the existing calculation methods for determining the time of safe evacuation of 


people was carried out in [6]. The author corrects the method of calculating the evacuation time taking 


into account the minimum distance to the fire load and convincingly shows that this allows you to in- 


crease the level of safety of people in case of fire and ensure their timely evacuation. 


An important step is fire analysis and the reconstruction of its initial stage. In [7] there was devel- 


oped the algorithm for reconstruction of the fire initial stage to determine the time of the fire, the place of 
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the fire and the type of the fire load. The algorithm is based on numerical simulation of fire processes and 
application of the software complex "Fo-gard-NV (field model)". The results of the work allowed the au- 
thors to properly assess violations of fire safety requirements aimed at preventing fire occurrence. 

The analysis of fires occurrence factors taking into account their probabilistic nature is carried out 
in [8]. Stochastic model of reaching the critical temperature under the influence of heat is based on the 
deterministic model taking into account the probabilistic nature of the heat flow. The approach proposed 
by the authors, based on the theory of random processes, allows analyzing basic regularities according to 
the mathematical expectations of the parameters characterizing the flame bush, as well as to build the 
confidence boundaries of the main trend. 

Problem statement. 

The problem of occurrence and recording of fires, analysis and prediction of their consequences is 
a global problem [9]. International organizations at various levels set the task of adequate assessment of 
the current parameters of fire danger in the world as a whole. At the same time, the normative documents 
regulating the fires recording are far from perfect. 

Up to 01.01.2019 the cases of burning were recorded as catching fires (regardless of the causes of 
its occurrence), which did not spread to other objects of protection: abandoned buildings and vehicles; dry 
grass; poplar fluff; peat on lawns and home gardens; crop residue; stubble; garbage in landfills, vacant 
lots, on the territory of households, on roadsides, on container sites for its collection, in containers (boxes) 
for its collection, in elevator shafts (elevators) of residential buildings, in garbage bins of residential 
buildings, on stairwells of residential buildings, in basements and attics of residential buildings [2]. In 
other words, the conditions for the definition of "catching fire" were fulfilled [3]. 

The term "fire" 1s defined by Federal Law of 21.12.1994 No. 69-FZ (ed. of 30.10.2018) "On Fire 
Safety" (hereinafter - Federal Law No. 69-FZ). Fire — the uncontrollable burning causing material dam- 
age, harm to life and health of citizens, interests of society and the state [1]. 

Since January 2019, the difference between "catching fire" and "fire" has ceased to exist, and all 
cases are called "fire". 

In the spring of each year in all of Russia a popular "fun" of the population begins— the burning 
of dry grassy vegetation. The quantity, size and effects of this phenomenon are directly related to weather 
conditions: the height of the snow cover in winter, the number and frequency of precipitation in the form 
of rain after snow cover melting, the number of dry and windy days, night air temperatures, etc. 

Unfortunately, the spring of 2019 was no exception. The number of the registered fires of dry 
grassy vegetation in March - April this year in the territory of many subjects of the Russian Federation 
amounted to several thousand cases. In accordance with the requirements of the Order of EMERCOM of 
Russia of 21.11.2008 No. 714 (ed. of 08.10.2018) "On approval of the recording of fires and their conse- 
quences" (hereinafter —Order No. 714) all fires are included in the statistical record as fires. There is an 
increase in the number of fires in the tens and hundreds of times. 

The introduction of changes in the recording procedure for fires from January 1, 2019 is a contro- 
versial and unjustified decision. 

First, the provisions of Federal Law No. 69-FZ regarding the presence of material damage, harm 
to the life and health of citizens, the interests of society and the state in case of fire are not fulfilled. It 
does not take into account material damage and harm to the interests of society and state, for example, 
burning of dried grass or reed grass on the area of a few hectares outside the setthements, poplar fluff 
along the sidewalk in the settlements. 

Second, to assess the situation with fires in a single area at the present time it is necessary to enter 
in the analysis more rows (data) and divide fires on objects of economy and fires associated with the 
burning of dry grass, garbage, etc. 
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Third, the application of the current fire recording procedure increases the burden on the employ- 
ees of the Federal State Fire Supervision due to the need to fill in the full fire record card. The time you 
spend filling in the dry grass fire record card (burning of garbage, etc.), has increased at least in three 
times [1, 2]. 

Fourthly, many management decisions made on the basis of the "old" and "new" fire statistics will 
be radically different from each other. 

These are only a few of the negative phenomena associated with the changes in the order of fires 
and their consequences recording. The adjustment of these documents 1s a further important task to im- 
prove the regulatory framework for fire recording. 

Conclusion. Based on the analysis of modern normative documents, international experience and 
literature, it 1s shown that the new normative documents of fire registration and their consequences do not 
meet modern requirements of the legislative framework and need to be adjusted. The paper shows the 
main directions of improving the regulatory framework, such as accounting for material damage and risks 
to life and health of citizens, taking into account the increase in the load on Supervisory bodies staff, tak- 
ing into account the differences in the "old" and "new" statistics of fires and their impact on management 
decisions. 
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